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Toxoplasma gondii is an obligate intracellular parasite that can cause variable clinical symptoms or can
even be asymptomatic in immunocompetent individuals. More severe symptoms are observed in
immunocompromised patients and congenital transmission of the parasite has been reported. The
objective of this study was to evaluate the response of peripheral blood mononuclear cells (PBMC) in
parturient and non-pregnant women exposed to live tachyzoites of T. gondii strain RH or ME49. PBMC
were isolated from parturient and non-pregnant women with negative or positive serology for toxo-
plasmosis and cultured with live tachyzoites of the two T. gondii strains for 24 h. Next, the cell culture
supernatants were collected and levels of CCL2, CCL5, IL-6, IL-10, IL-12, and TNF-a produced by PBMC
after tachyzoite exposure were measured. Live tachyzoite forms of T. gondii signiﬁcantly inhibited the
synthesis of CCL2 in seropositive parturient women, whereas a stimulatory effect on CCL5 was observed
in seronegative parturient women. Cells from T. gondii-seronegative non-pregnant women produced
signiﬁcantly higher levels of TNF-a and IL-12, demonstrating the proinﬂammatory proﬁle induced by the
presence of the parasite in culture. The results suggest that the immunomodulation seen during preg-
nancy contributes to the development of an environment that facilitates escape of the parasite from the
immune response.
 2012 Elsevier Ltd.Open access under the Elsevier OA license.1. Introduction
Toxoplasma gondii is an obligate intracellular parasite and the
causative agent of toxoplasmosis, a cosmopolitan and opportunistic
infection thatmanifests particularly in immunosuppressed patients
[1], but is asymptomatic in immunocompetent individuals.
However, in women who become infected during pregnancy the
disease can be transmitted through the placenta, causing abortion
or fetal disorders (retinochoroiditis, cerebral calciﬁcation, seizures,
and hydrocephalus). Toxoplasmosis is therefore of clinical impor-
tance for parturient women and children with congenital infection
[2,3].x: þ55 34 3318 5651.
.com (K. Rezende-Oliveira),
(J.R. Mineo), vrodrigues@
vier OA license.The capacity of T. gondii to cross biological barriers such as the
intestinal epithelium, bloodebrain barrier or placenta is an
important factor for the success of infection and is directly related
to the genotype of the parasite [4]. A study investigating T. gondii
strains isolated from patients with acquired immunodeﬁciency
syndrome (AIDS) and patients with congenital toxoplasmosis
demonstrated the predominance of genotype II [5,6].
In the initial infection with T. gondii some different mechanisms
of innate immune response are trigger. Toll-like receptors (TLRs)
aremembers of a family of proteins that recognize different types of
antigens. Different TLRs present on leukocytes and trophoblast cells
transduce intracellular signals that lead to the transcription of
chemokine and proinﬂammatory cytokine genes [7,8]. Studies have
demonstrated that IL-12, IL-10 and TNF-a play an important role in
the innate immunity against T. gondii and inﬂuence the adaptive
immune response. These cytokines are important immunomodu-
lators that act during the early stage of infection [9,10].
The main mechanism involved in the clearance of intracellular
parasites is the development of a Th1-type immune response by
the host. In this response, the main cells responsible for parasite
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macrophages that produce cytokines such as TNF-a and IL-12
which, in turn, stimulate natural killer cells to produce IFN-g [11].
IL-12 is mainly synthesized by macrophages and dendritic cells
during stimulation with T. gondii antigens and plays an important
role during the acute phase of infection. TNF-a is produced by
monocytes/macrophages, T lymphocytes and mast cells and stim-
ulates the microbicidal activity of these cells, acting synergistically
against T. gondii [12,13]. Furthermore, monocytes/macrophages,
dendritic cells and ﬁbroblasts can produce IL-6, a cytokine that acts
synergistically with TNF-a. This cytokine induces the differentia-
tion of B lymphocytes into plasma cells and the differentiation of
cytotoxic T cells [14].
Chemokines are essential for the recruitment of neutrophils,
macrophages and T cells to the site of infection with T. gondii and
their receptors play an important role in innate immunity [15]. The
CCR5 receptor interacts with CC chemokines, such as CCL5, CCL3
and CCL4 [16]. In vitro, T. gondii induces the synthesis of different
chemokines of the CC (CCL2 and CCL5) and CXC (CXCL9, CXC-10s
and CXCL8/IL-8) groups by different cell types [9,16,17]. T. gondii
tachyzoites determine the intensity of chemokine synthesis. In this
respect, parasites of strain RH have been shown to induce the
expression and secretion of CCL2 after infection of human ﬁbro-
blasts, suggesting that tachyzoites participate in the induction of
chemokines and in the recruitment of cells during infection [18].
During pregnancy, the immune system of the mother presents
a Th2-type response characterized by the production of cytokines
such as IL-4, IL-5, IL-10, and TGF-b [19,20]. This Th2 deviation
contributes to the maintenance of the corpus luteum, adhesion of
the blastocyst to the endometrial wall and fetal development, and
participates in cell differentiation and fetal tolerance during preg-
nancy [20]. During the ﬁrst and second trimester of gestation, the
human trophoblast synthesizes high levels of IL-10 and expresses
the IL-10 receptor. However, these levels decline during the third
trimester [21].
The correlation between peripheral blood and uterine leukocyte
activities is dependent of the type of disease that it is investigating.
In this context, the mucosal immune responses towards Chlamydia
trachomatis are different from those of PBMCs, being this data
important to understand the cytokine responses in the female
genital tract during chlamydial infection [22]. In contrast, there is
relevant information concerning the inﬂuence of systemic response
in uterine immune response in other pathologies, such as HPV
infection, being lower IFN-g production by PBMC correlated with
cervical cancer severe disease induced by this virus [23]. Related to
human toxoplasmosis, however, there is a lack of information
establishing a clear functional relationship between systemic and
uterine leukocytes. Thus, the aim of the present study was to
evaluate the chemokines and cytokines production of peripheral
bloodmononuclear cells (PBMC) from parturient and non-pregnant
women exposed to live tachyzoites of RH or ME49 T. gondii strains.
2. Materials and methods
2.1. Parasites
Tachyzoites of T. gondii strains RH and ME49 were used in the present investi-
gation and were maintained in human foreskin ﬁbroblasts (HFF) cultured in RPMI
1640medium (Gibco BRL, Grand Island, NY, USA) supplementedwith 5% fetal bovine
serum (Gibco BRL) inactivated by heating and 80 mg/L garamycin (Schering-Plough,
Brazil). The parasites were obtained in culture by 3e4 passages in conﬂuent
monolayers of HFF, with an infection rate of three tachyzoites per cell. After lysis of
infected cells, the culture supernatant was collected and centrifuged at 50 g for
2 min. Next, the cellular debris-free tachyzoites enriched supernatant was centri-
fuged at 500 g for 10 min and the pellet was resuspended in RPMI 1640 medium
supplemented with 25 mM HEPES (Sigma Chemical Co., St Louis, MO, USA), 80 mg/L
garamycin (Schering-Plough, Brazil) and 5% heat-inactivate fetal bovine serum
(Gibco BRL, Grand Island, NY, USA) to obtain tachyzoite-enriched preparations.2.2. Isolation of peripheral blood mononuclear cells from parturient and non-
pregnant women with negative or positive serology for toxoplasmosis
About 10 ml of blood was collected from seven parturient (during labor) and
seven non-pregnant women who were negative for Toxoplasma IgG antibody and
from 10 parturient and six non-pregnant women who were IgG positive. The
parturients were recruited from the Teaching Hospital of Universidade Federal do
Triângulo Mineiro and Hospital Beneﬁcencia Portuguesa, Uberaba city, Minas Gerais
state, Brazil. The non-pregnant women were volunteers from Universidade Federal
do Triângulo Mineiro. The subjects ranged in age from 20 to 45 years. For the
conﬁrmation of serology, plasmawas collected from the patients for the detection of
IgM and IgG antibodies by chemoluminescence (Siemens Immunolite, Ireland). All
subjects were negative for anti-T. gondii IgM antibodies, characterizing the chronic
phase of infection. All patients selected in this study had no diagnosis for other
chronic or acute infection/inﬂammatory disease according to the clinical proﬁle
records, nor received any speciﬁc drug treatment.
Peripheral blood was centrifuged on a Ficoll-Hypaque (1.078 g/mL) (GE
Healthcare, Piscataway, NJ, USA) gradient and fraction of mononuclear cells adjusted
to 2  106 cells/well were plated in 24-well plates and cultured at 37 C in a 5% CO2
atmosphere. The study was approved by the Ethics Committee of Universidade
Federal do Triângulo Mineiro (protocol No. 0906).
2.3. Detection of cytokines and chemokines in culture supernatants
The 24 h cultures of PBMC were infected with live tachyzoites (2 parasites/cell)
of RH or ME49 T. gondii strains. After additional 24 h culture, the supernatants were
collected for analysis of cytokines and chemokines contents.
Cytokines and chemokines concentrations were measured in the supernatant of
PBMC cultures by ELISA (Enzyme-Linked Immunoabsorbent Assay). TNF-a and IL-10
were assayed using the BD OptEIA kit (BD Biosciences Pharmingen, San Diego,
California), with detection limit of the method of 3.7 and 18 pg/ml, respectively. IL-6,
IL-12p70, CCL2 and CCL5 were measured using the RD Systems kit (Minneapolis,
USA), with detection limit of the method of 12.6, 6.7, 1.5 and 0.9 pg/ml, respectively.
2.4. Statistical analysis
The nonparametric ManneWhitney test was used for comparison between two
groups (parturient and non-pregnant women or T. gondii-seropositive and -sero-
negative women). Two variables were compared within the same group by the
Wilcoxon test (unstimulated and T. gondii-stimulated). The Statview (ABACUS) for
Windows programwas used for statistical analysis. A p value <0.05 was considered
to be statistically signiﬁcant.
3. Results
3.1. PBMC chemokines production stimulated by T. gondii
Low CCL2 levels were observed in the supernatants of PBMC cells
from both seronegative and seropositive parturients infected with
ME49 strain (Fig. 1a). In non-pregnant women, low levels of this
chemokine were seen in the seronegative group under ME49 infec-
tion (Fig. 1a). In addition, higher levels of CCL2 were observed in
T. gondii-seropositive non-pregnant women after the addition of
ME49 strain when compared with the group of seropositive partu-
rients (Fig.1a). RH strain negatively regulated the CCL2 production in
cell cultures of seronegative parturientwomen; andalso in the PBMC
fromnon-pregnantwomen, irrespective of T. gondii serology (Fig.1a).
The production levels of CCL5 by PBMC were higher than that of
CCL2. Although the production of CCL5 was higher in seronegative
parturient women, no signiﬁcant difference was observed when
compared to the seropositive parturient group. In parturient
women group, the addition of T. gondii tachyzoites to the culture
did not signiﬁcantly modify the production of CCL5 (Fig. 1b). The
CCL5 levels were signiﬁcantly higher in seropositive non-pregnant
women compared to seropositive parturient women after stimu-
lation with the two strains (Fig. 1b). In contrast to CCL2 levels, the
addition of RH or ME49 strain tachyzoites induced a signiﬁcant
increase in the synthesis of CCL5 by cells from seropositive non-
pregnant women compared to uninfected cells (Fig. 1b).
No signiﬁcant difference in CCL2 or CCL5 levels was observed
between parturient and non-pregnant women when only sero-
negative individuals were compared (Fig. 1a and b).
ab
Fig. 1. Comparison of chemokine production by PBMC in 24 h culture supernatants
stimulated with RH or ME49 strains of Toxoplasma gondii. Non-pregnant or parturient
women were grouped as T. gondii-seronegative (gray bar) or -seropositive (white bar).
The levels of CCL2 (a) or CCL5 (b) were measured by enzyme immunoassay (ELISA). The
horizontal line indicates the median, bars the 25% and 75% percentiles, and vertical
lines the 10% and 90% percentiles. (*p < 0.05, Wilcoxon test); #signiﬁcant differences
between seropositive non-pregnant and parturient women’s PBMC stimulated with
the same T. gondii strain (p < 0.05, ManneWhitney test).
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TNF-a levels were signiﬁcantly higher in the non-pregnant
group than in the parturient group after stimulation with tachy-
zoites of T. gondii strains RH or ME49, irrespective of parasite
serology (Fig. 2a). In parturient’s PBMC, the addition of tachyzoites
of ME49 strain resulted in a signiﬁcant increase of TNF-a levels in
the seronegative group, whereas no signiﬁcant difference was
observed in the seropositive group (Fig. 2a). In non-pregnant
women, the addition of ME49 strain tachyzoites induced a signiﬁ-
cant increase of TNF-a irrespective of T. gondii serology. RH strain
positively modulated the synthesis of TNF-a only in cells from
seronegative non-pregnant women (Fig. 2a).
No signiﬁcant difference in the levels of IL-10, IL-12 or IL-6 was
observed between seronegative and seropositive parturient
women, even after the addition of live tachyzoites (Fig. 2bed). In
contrast, in non-pregnant women the addition of tachyzoites of
ME49 strain induced a signiﬁcant increase of IL-10 and IL-6 in theseronegative group and of IL-12 in the seronegative and seroposi-
tive groups (Fig. 2bed). Only the group of seronegative non-
pregnant women responded with a signiﬁcant increase of IL-10
after the addition of tachyzoites of RH strain (Fig. 2b).
The IL-10, IL-12 and IL-6 levels were also compared between
parturient and non-pregnant women according to the serology.
Higher IL-12 levels were observed in the cell culture supernatants
of seropositive non-pregnant women stimulated with ME49 strain
when compared to seropositive parturient women (Fig. 2c). Addi-
tionally, higher IL-12 levels were observed in supernatant of non-
stimulated, RH or ME49-stimulated cell cultures from non-
pregnant seronegative compared to seronegative parturient
group (Fig. 2c). Higher IL-6 levels were observed in unstimulated
cultures from seropositive non-pregnant women compared to
seropositive parturient women (Fig. 2d).
4. Discussion
The early pregnancy is characterized by a proinﬂammatory
proﬁle with high levels of CXCL8/IL-8, CCL2, CCL5, and Granulocyte
Colony-Stimulating Factor (G-CSF) [24]. The levels of these cyto-
kines decline during the second trimester, but increase again at the
end of the gestational period. Parturition is characterized by the
migration of immune cells to the myometrium that promote the
onset of an inﬂammatory process related to labor [25]. In addition,
it was previously shown that chemokines are important for
leukocyte recruitment to the human endometrium at the times of
pregnancy and menstruation [24,25]. The protozoan T. gondii
infects a wide variety of hosts but generally has few clinical
consequences. However, infection of mothers during pregnancy,
especially in the third trimester, poses a major risk of vertical
transmission and may cause important clinical sequelae in the
newborn infant [1,26].
T. gondii tachyzoites were found to modulate the synthesis of
CCL2 in cell cultures of parturient and non-pregnant women. The
presence of tachyzoites in the cultures negatively modulated the
synthesis of CCL2, irrespective of parasite strain and Toxoplasma
seronegative parturient, when compared to unstimulated cultures.
When PBMC from seropositive parturient women were analyzed,
only ME49 tachyzoites-stimulated cells presented a decreasing in
CCL2 levels compared with unstimulated cells. Additionally,
decreased CCL2 levels were found in seropositive parturient
women compared to non-pregnant women infected with strain
ME49.
CCL2 is a chemokine produced by macrophages, dendritic cells,
and endothelial cells after stimulation with cytokines such as TNF-
a and IL-1. The CCL2 receptor is generally expressed on monocytes
and effector and memory T cells, including Th1 and Th2 cells
[27,28]. CCL2 has been shown to be involved in the recruitment of
these cells to the sites of infectionwith T. gondii [17]. The tachyzoite
soluble antigen is able to activate the cascade of CCL2 synthesis in
the host cell through TLR2 [29]. Infection of human ﬁbroblasts with
RH strain was found to signiﬁcantly increase the expression and
synthesis of CCL2 by these cells [18]. In the present work, the
negative modulation of CCL2 production by PBMC may contribute
to the escape mechanisms used by the parasite.
In the present study, it was observed higher CCL5 production by
PBMC from seropositive non-pregnant compared with parturient
women under T. gondii infection. The CCL5 receptor, CCR5, plays
a potential role in the maintenance of homeostasis during preg-
nancy. In the parturient uterus and placenta, various forms of
regulatory T cells (CD4þ CD25þ Foxp3þ) express CCR5 in response
to paternal alloantigens [30]. The number of these cells is increased
in peripheral blood of allogeneically pregnant mice and humans.
The presence of these cells in the uterus and placenta may favor
a b
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Fig. 2. Comparison of cytokine production by PBMC in 24 h culture supernatants stimulated with RH or ME49 strains of Toxoplasma gondii. Non-pregnant or parturient womenwere
grouped as T. gondii-seronegative (gray bar) or -seropositive (white bar). The levels of TNF-a (a), IL-10 (b), IL-12 (c) or IL-6 (d) were measured by enzyme immunoassay (ELISA). The
horizontal line indicates the median, bars the 25% and 75% percentiles, and vertical lines the 10% and 90% percentiles. (*p < 0.05, Wilcoxon test); #signiﬁcant differences between
seropositive non-pregnant and parturient women’s PBMC stimulated with the same T. gondii strain; &signiﬁcant differences between seropositive non-pregnant and parturient
women’s PBMC cultured with medium alone; fSigniﬁcant differences between seronegative non-pregnant and parturient women’s culture supernatants stimulated with the same
T. gondii strain (p < 0.05, ManneWhitney test).
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during pregnancy, but the expression of this receptor increases
close to the time of labor [31]. IL-12-inducing activity is seen in
secreted T. gondii protein suspensions and cyclophilin-18 is one of
the components that bind directly to human and mouse CCR5, with
afﬁnities comparable to that of the prototypical ligand, CC che-
mokine ligand 4 (CCL4) [32]. Studies have shown that T. gondii
promotes the migration of inﬂammatory cells through the induc-
tion of chemokines and their receptors, with the parasite producing
substances that stimulate the synthesis of cytokines such as IL-12
and of CCL5 through the CCR5 receptor [32]. Oral infection with
T. gondii ME49 strain has been shown to increase CCL5 and CCR5
mRNA expression in intestinal epithelial cells of C57BL/6 mice on
day 8 of infection [33] and CCL5 mRNA expression in the brain 10
days after parasite inoculation [34]. The present results showed
signiﬁcantly lower production of CCL5 by PBMC in T. gondii-sero-
positive parturient women after stimulation with strain RH or
ME49 when compared to the seropositive non-pregnant group.
These ﬁndings suggest that the immune response modulationinduced by gestation may contribute to a decrease in CCL5 levels,
favoring infectionwith T. gondii. Since all seropositive patients were
in the chronic phase of infection, the lower production of this
chemokine in the seropositive parturient group might have
impaired the immune mechanisms involved in parasite control.
The present study analyzed cytokine levels in the cell culture
supernatants of parturient and non-pregnant women after 24 h of
incubation with two different T. gondii strains. TNF-a and IL-12
levels were signiﬁcantly elevated in the cell culture supernatants
of non-pregnant women infected or not with either T. gondii strain.
In contrast, TNF-a and IL-12 productionwas decreased in parturient
women. Monocytes of pregnant women may enhance IL-12
production in vitro when compared to monocytes of non-
pregnant women [35]. The present results obtained for parturient
women suggest that the parasite modulates IL-12 production,
controlling the immune response for its survival.
Expression of indoleamine 2,3-dioxygenase, an enzyme
involved in the ﬁrst steps of tryptophan metabolism which is
important for tachyzoites replication, is modulated by TNF-a,
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results suggest that the decreased levels of this cytokine in partu-
rient women may contribute to tachyzoite invasion and toxoplas-
mosis development.
Previous experiments have shown that neutralization of
endogenous TNF-a during chronic toxoplasmosis results in lethal
exacerbation of the disease [37]. In addition, TNF receptor p55 and
p75 (TNFRp55-/- and p75-/-) and TNFRp55 (TNFRp55-/-)-deﬁcient
mice develop lethal toxoplasmic encephalitis [38,39], a ﬁnding
demonstrating the crucial role of TNF-a in the control of the
parasite during chronic infection. Additionally, IL-12 is essential for
cell-mediated immunity to T. gondii infection [40]. In this respect,
the present investigation suggests that the modulation of the
immune response induced by gestation may favor parasite prolif-
eration. In contrast, IL-6 and IL-10 levels were similar in the two
groups of women studied. The addition of tachyzoites of RH or
ME49 strain to PBMC cultures of seronegative non-pregnant
women resulted in a higher production of IL-10 compared to
unstimulated cells. Despite the lack of a signiﬁcant difference
between groups, cells from parturient women produced high levels
of IL-10 under these culture conditions, irrespective of positive or
negative serology. IL-10 is a cytokine that modulates the innate and
adaptive immune response [41]. In an in vitro study, addition of
exogenous IL-10 to BeWo trophoblast cell cultures induced a small
increase in T. gondii intracellular replication [42]. Thus, IL-10 may
facilitate passage of the parasite through the placenta.
Parturient women have been shown to present a Th2/regulatory
T cell response pattern [19,20] and IL-10 levels decline in the last
trimester of gestation [21]. The induction of IL-10 synthesis by the
parasite is considered to be an escape mechanism from the host
immune response. However, some investigators believe that this
synthesis is not directly related to parasite virulence and that the
high production of this cytokine is not involved in persistence of
the parasite in the host cell [43]. The present study showed that the
ME49 strain was able to stimulate the production of IL-10 in
mononuclear cell cultures of seronegative non-pregnant women.
ME49 is a cystogenic and weakly virulent T. gondii strain [4] and
stimulation of the production of IL-10, an anti-inﬂammatory cyto-
kine, may represent an evasion mechanism that contributes to
parasite maintenance. Furthermore, type II strain of T. gondii, like
ME49 parasites, is often vertically transmitted in human pregnancy
[44,45].
In conclusion, the present study demonstrated a different
immunological proﬁle characterized by a predominantly proin-
ﬂammatory response in non-pregnant women, irrespective of
positive or negative serology for toxoplasmosis. Taken together,
these results suggest that the immunomodulation observed during
pregnancy creates mechanisms that favor the escape of the parasite
and that the parasite itself contributes to this condition by differ-
entially modulating the synthesis of chemokines by PMBC.
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